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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method of light-emitting element capable of efficiently 
cutting with high precision a wafer comprising a III— V 
compound semiconductor layer, as well as a light-emitting 
diode, and a semiconductor laser element. 
SOLUTION: A wafer 2 has an n-type semiconductor layer 
17a and a p-type semiconductor layer 17b made from III— V 
compound semiconductor laminated on the surface 3 of a 
substrate 1. A laser beam L is radiated with a converging 
point P set inside the substrate 1 for forming a modification 
region 7 by multiphoton absorption. A cutting start region is 
formed inside a laser beam incident surface of the substrate 
1, at a prescribed distance from the incident surface, along a 
planned cutting line 5 for cutting the wafer into chips, with 
the modification region 7, and the wafer 2 is cut along the 
cutting start region. 
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I2 5*K« 0 »2 5<D»£s pffl4 £ »fl*" 

1 7 b BfS^Wffi t ft 5 J: ^ fcMt S t t> 
lc s i> x a 2 *f ^ t 2 5<£>jgffi± 

12 5 o/£ffi£\ W^iB^Mts c tftlff 
Sr^ft&s ffc©IDBfc:*^T9l2 SOfisH*!' 

attLS^lSl ©^^Allt^ WWWft 

^fcasft^ftfc^aBSo 

[0 0 5 8] X^fy^^l^x^ hxyf 

^ftyxyfy^ (R I E) . KiStt^^-vtr— 

(RIB), ^*V5UV^*5o « 

2 5§»5K^ X7f>Wl^ix.^b 
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[0 0 5 9] MV^T. !>i/N2 0SSlOrtSP^ N 12 

5^oT-ea®T®^«^^; i r^ (ss, 022) 0 

tftWs «2 5<Dl£ffl*W1fJtA*f®^bTnM¥ 
«ft*r*. C©tt*««7#. SxA 2 BE 

. ©««tft8o 

[0 0 6 0] 01 9ttx 01 4^^nfcl^~ 

10 If iniSB 10 0^T^xA2 tc«IBfS^««*Jg 

m-Bl 0 7lC. »)xA20pi^WtIl 7b«Offitf 

iKfflWXi 0 5 J:»KW8J;5teBiati*« 
[0 0 6 1 ] 01 4MH1 9^#Brr&£> st*. a 

c 1 mf nM^mfem 1 7 a ^)t®iK#tt^0^Lftv^ 
20 t. s« 1 w n m^mfcm 1 7 a t»btaw»»fi 

gioi sa^rs (S 1 0 1 ) o cou— if?£ 

Ltt9xA20pIWWIl 7b«fr6JB»?nSC 

[0 0 6 2] Wt^T, mmiRZfnWmmfomi 7 a€> 
^iftOSfcMt&S^T* (S 1 0 3) o ctl^ 12 5 

30 ojes^ 6m«raiirt«©»»©flaite w*m l com 

1f L cD*)fet P £rS*P £ bfcT> 2 (O Z $fcfr[Rj<D^ 

<E>o 

[0 0 6 3] •>i/N2^lx— tftaX««l 0 0O8B^ 

i&j-rsi^^B-rs, ?-lt, tn^m^iif 1 i 7fr£wr 

«7 l 6^^^:T^j:>'N2<OSM4^rMB5"rS (S 1 0 
5) o II3Wi'iA2 tC33»*|«"2 5 <D&ffi*mm 

40 1 2 1 ie i. vmmirZo mmm? 1 2 1 tc * 

tt^lwijteit i i 7 co wMKvmk&v **<2 com 2 
5<o^mc^mt^a^mM.7 t ~^^wf^> csi 
0 7) „ 

[0 0 6 4] ciDMf-^axf-^MWi 1 5lc 
SlcbTZlftX-r— 1 3%Ztfi^lRl(D^ll$'^S 

cs 1 09) o cnicfcD, wmmwMi 1 7©ia^ 
50 o^a , «'>x/s2©«2 5©is£ffitteg-rso a 
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mr-zmmffii zsimm^-^icm^r, 125 
tt^tsv ^ 2 (omm 4 (ow^m^f—^ 

12 9tc3£5tU CtUCfct)^-* 1 2 9(CS2 5#ffi 
©ifc^Mtft^^tl-S, 

[00 65] 1 2 7 fc&^&X-r-y 7°S 1 0 

MS L «D«3bS P OfiflitfSK 1 ©ft**?* o T» 2 5 © 10 

3te±D^i^2*z«*iRife:e;«i«*« (s 1 1 

1) o 

[0 0 6 6] I^Ts U—*f%Ml 0 1 ft>5 U— 9%L 
^4«^T, lx— *f3ttL^«>iM2C»»2 5 0JS®fc 
iWt 8 o l^— 13% L ©jRJttXS P 1 © ftSPlCfltg 

nSo Hit* COfc*. HJ%L«i2 5Oii0t 
Rl^fSHtAMLT, M2 5 0»**|ftfcSE*lf**lftl 
©&HiSi«7 ©ffi*. 125 cDS^[Rl©!iBJ: 9 20 
^"rscfcftWSbif"'. ft*k l/-1fJttL 5 

OHSf*. 12 501, &tf»ElrtaPOifc3^POffi 

[0 0 6 7] SRl/^Tx l2 5tt^5k:XiXf-y 

1 0 g^-YttX^-^l 1 1 fcgl&^T. J* 2 5tC?& 

«nffiS£ftf#«3K 1 ©rtflSteJ&STS (SI 13) „ 
[0 0 6 8] CCT\ 111501 8^#I1-§tv ^cCN 30 

mcm-ox^^^2^mm.<D^yyicmm-r^ cs 7, 

02 3) o -fft*^. x^X/^Fx— ^2 3*t7oc/N 
2 ©SB 2 1 fc TOft7a [RjfcfaJJ't" £ t k: <fc Ifil 
Ort«fc^«tifc«»n&iS«W*igj^ t LTS« 1 ft* 
^JK^tl^o £©£€, — jRWtenffiimWMil 7a»± 

ski iDfejt^KWvoT. isiwfsnstii 

17aWSW, C©£McLT^x/N2ft^rj$f£ 
«ll 7 aMpW*#H 7 btO^tpng^S: 
-Y*- F3 1 £S^TV>I.S2 5 ©j£Efc«, j^SfCJS 

[0069] u±wm\stcz.*>\c^ %mn&mfc&z>¥% 
nm 1 ©ftsis fc^mwR £ v 5 SBfcfc <fc ^ j&asns 
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*LTx as i #w*rfje9-/:x 5 tfBtjtwsns 

SMfcJIl 7 a^HOIII-VaWb-ftftiMWJI^-r* 
^xa2 ^isSfUffift^** < WW^-* C t WXiSZ* 
[0 0 7 0] 9x/N*W»fr«l8HC^U- 

fc tb ©±ft^ t) a»-»:DB*fcg« t ft D . *S©K«# 

2 

<E>o 

[007 1] *fc N **SS^fc«8fg)t*-?©S5fi^ 
tetefe^Ttt, KSl teW1f«L*H8lfr *W»c, $J 
*rP3t^-f V 5 {Cjfto T nS¥»ftI 1 7 zRUpM^ 

m&mi 7 bti2 5tMnc tftwsbv\ c© 

m-K3 1© nS!¥*Wg l 7 a lC«tt&l£t*S« 

^•{c. c©mffi^^s?-cfe©x^— x^a^^-r 

5Ctm5. ft*3, l2 5^MtftV^tli, 

as 1 ft^©T^^ffl«fcfp v -2 r^oif * ns bejcx n M¥ 

VttJI 1 7 a fcin^-T P M**^« 1 7 b fc|SI^lc^0»f 

[0072] Sft, 4^^tt^s^9R?oS6&Sr 
Steft^Ttts «SlteW1f)eL»jfMfr*BHi:, ss 
2 5<pJfiffl%U— 'fJteAWatbTVS. C©^fi73lS 

2 ±»c«j£^nfeW? "Mfy-i > 5 ««JBicKli'rs c 
£ ft*T*€ 5 i: t> te, W9*)t L^S2 5 ©tt«fc^t> 

[0073] &mn&Mi£&2>$m.m : ?<Dwmj3 
muz^xn^ ^3Lf\2\zmz s^i&jm-zm^ wz 

m 2 5 ©jSffiicfctf s W-if ft L comLttffi <rct 

[0 0 7 4] 3t^HB^tt(cfl(S^SR70SBS^r 
SfcfeV^Tti. *Kffi«5 7«S*r8Bc, »2 5©g 
#^Tlfti:S2e'rS*lft©i3Satflli«7<D«*, 12 5(03 
R*lfllO*J:D 1 Ei*<?g«LTf 5. ^©^jt^Sfc,}; 

Wifft L^I2 5 ©ifS<fc D fcHE^IBHfc 
SCi:T?*«fWW7*Jg*T?**0^ «2 5©J1H© 
p 17btf W-^ft L Id «t 5 SWTS Ct«; 

[0 0 7 5] ft 43, £ffi 1 ©K®2 1 VKMm 
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?*8!:fcilWSU* imm&m2 5©jS®<fc9 
•rv^-&*^5o £©£-5 a«l©«®2 1 

43s ?fc»Ki «H2 l frSP—ym^Aif 10 

[0 0 7 6] 02 4 tt. 3»»lfc<t«^«?Oa 

mx-n. a* i ©f^c^t. sts i <omzjjMc& 

^tSta, 01 9lc^5tl7c7C3— ^-V— hOX'xy 
7"S l l l (>>i/n^ZW^|rIIc^16) tXT'^S 1 

^HBflCfT^CfctCitK SS 1 ©JP2?73p&J«®IL 

[0077] &m&m<o£ o ic&mffiM 7 ttrnmrz, c 
-fjM -3 r-gj^f -r s <i t ^tj ^ s o s5tc> »&i©jps 

[0 0 7 8] 02 5RlfB2 6« s 2ff*flt0B«fc:.J:S$S so 
T?*S. «BBMW*n Rife*?*: LT¥»tt W?f * 

[0079] i2 5^#itsts ^m^minm^ti 

5>>i;n2 ate, ^7 r-fT'^fe^SStS l WR 1 

33at, n 3 3a ±KmMZtltt 

igffii3 3 b fc, SttJi3 3 b±Jc8MI*nfc^2aMt 
l^ftlt'feSpI^ISS c imt^s. 
*WJfc^T, nS*»W3 3as ffitti3 3 40 
b, RXfpM*m#M3 3 ckt. «*tfG aN%£©II 

r - v «{fc£»iNMfcfr £>&t> v .|!^F«Bfi*«we.b 

TV^S. i^em^^^ 3L'\2 ait. 01 5 

SlfH 1 6 fc^Sft^^S&Jg/SSC^x/NE £|5»l© 

[0080] 2f^ag^«dte«ts«)H(ff<oaBeD5aTf^ 

S*\ *x/n2 a©»®2 1 fCX^X/^Fr— 72 3 
l-LT, Vx./\2 aOpI*f#l3 3 cfflj© 
ffi»c»2 5*Jg«-r*. <!©£*, 12 5*, WWrf-M 

(01 6#M) Kf^T> ?SttJl3 3 b*#«ij so 
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lts* i tiLftif^?, -ns:t>% P m^m^m 3 3 

fcjRWS. l2SO«ttfc±oTs 
JgfM 3 3b tC««D 3 5 3 5 

tts fSttS 3 3b *»A,T* 2 mmfite tU C © 2 ffittS 

[008 1] «^T, »2 5©/SS*U—1f)tA*fffiJ: 

J^fig-rs 0 fbts 02 6fcgSMJ:5t, x^X/-^ 
yh'f- 72 3*#f£TC:fc£«fc!3s ^iA2aW 

3 7 m. 

[0082] ^&mic&t)nz>ih&¥mfois~-*fm : ? 

3 7 fcfeVTfci:. ^xa2 a©SKl ©rtSPfc^-T 1 ^ 

■stilt, tyffi^&jis5\z.y^fcwm^mmfc& i o 

##JI3 3 afc»«5-l'y5iCiet)TW$tl§. 
Ltc^-pT, III-VSfi{t*»*i»6aSna!iNMt:»3 

3 a*m?zv^2&mwmfr-o%}&&<wm-£tix 

«j««*xfciNM*u— y**? 3 7 *««-r* cztfixi* 

§0 

[0 0 8 3] STCs ^iiCiWSWfiftl/- 
1f iR? 3 7 fc:*j^Ttts iSttS 3 3b ^SUfS ttfe 

nSCfct^T, n ^¥«C»S 3 3 a £ 

fefc, 1/— tf^J6©fci6©±fcM®3 5^?gtt®3 3 btc 

I33a tCiin^TSttB 3 3 b RZf p 3 3c 

[0084] w±s ^mommmmRU&mmic-o^ 
x mm^mm l *^ » jj&mtKRtft&Bffli 

[0 0 8 5] ±IBSISS^^Rt?^JgMT?«> S«©#^ 

fcf S i C. Si. ZnO, A IN, S.lfG a A s *if* 

Mv^sct^s. sftx pa^mwMi. mum, r 

tl£WK:t>, fflRtf G aAlAss GaAlAsP, G 
a A 1 I n PteZ<Dni-VM{k-&tiB*:m^%Z. ttfX 

[0086] sfcs ui-Nm^m<Dr^x^mt 

ImAhGai-n N (X^0, Y^0, X + Y^ 
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i) ^mzn& &^&mkWhiii-vi&{t'£M (g a 
N^$n§) fr^s^^ati. — mmcy-yr^ 

» < ?>-CC5£iW±€ < , X>y ^>^:7V- p$T 
Rtf 1 1 1 - V «Sft-&»ttx G a A s & if tit^ 

tii wttavhs < , i * z inm^nr^ -v 

£ t> s «Sfc«»f«l*fl<<t < &S £ i: fe fcSM^s 

[0087] ±tmM&m&.xfmmMic&ifz>& 

TSxfclAo 02 7 (a) ~ (c) li. ±fBbfc*SB^^ 

— M*a5"rHT?*«o £f\ 02 7 (a) toj^ftSJ; 

^i;N2 0pS¥iftill 7 bi©ffifcr-y2 20 
4>&teSo ?bt, 02 7 (b) fCafrStlSJ:?^ £ 

5„ £©i^ ^iA2aii2 1 Wl^ttetJv 
02 7 Cb) «5l&tfci±Ta*©0fc:fc:-=>TtAS. fs<A 
X, 02 7 (c) fc^nS<fc-5fc. f-7'2 4«i 
U lil<Dll2 1 ti+^yKf- 72 3^rft6 

So 

[0088] s«#tt«f»«v->»^tea\ SE*«wr 
ssut-rso set, £&©«Sfr5u 
-+fft;&A*f-rs as*»<-rsci:TfiBoffiii 30 

[0 0 8 9] gfc, i^tEWJgJRRtf^SSWtfBx 

[0090] £Tz, ±mmmmmxn, wmsMMittfi 
mtez&&%o 

[00 9 1] 

[fg0J!©#J^] JW±WWLfc<t5^ so 
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nsci:fcj;D, IKR±fc«tli*ixfclll-VSiffc-&* 

T€So 

[0ffi©ffi#*liiB^] 

[0 1 ] u— ifinxffioatg 1 ©¥ffi0-£&So 
[02] Hite*"ras«©ii-miite»-3ft»ffflB9Tf* 

[0 3] L^-1f iDX^CDS®<D¥ffi07?S So 

[04] 0 3 ^-TSffiOIV- IV^lCjfto fcKfS0-pS 

[0 5] 03fC^-rS«OV-^C?&ofc»fffl0-!?^ 

So 

[06] «jsf?nfcSffi© 3 FH0T^So 

[0 7 ] **flBg«T?fflv>« is— vtaxjmicmfzm 

[0 8 ] 3**s»^»t?mv>s 1 — mjjsmcom 1 x@ 

fc:fc«-S£«©»B0-e£So 

[09] **sa^MTffl^sw-ifiinx^}£o^2xs 
[010] *mm&mvm^z l— vmrmzvm 3 x 

[011] *«^»Tffl^«W-lftaX*3SOSl4X 
Sfc43fr«£8c«D«ffiflST***. 
[012] 4^EM0P»Tffflv»S Wlf*iCDH*fc:J:5« 

Lfc0T*So 

[013] ^mtmskxm^u- vtaxfimctsv& 

[014] u— 9 l 'iinxSH©«*^;0-efes„ 
[015] *«s»iftte*sss3W?o8Bfcessfc*^-> 

Tffi (a 6 ns r> iA%stf(S0T!B So 
[01 6] 01 5 {C^?nfOx^N©¥ffi0TSSo 
[01 7] 01 6fC^StVfc^x/N©VI-VI®fffiSmi 

i-viiwga*^-rifc*:Bn»**o 

[018] 4*^«fc«S«*9l5?0«Ji*tfe*BiW 
[01 9] 01 4t^ti?£U~-ifinxSB*fflvT'> 

x/sK:«j»f^^«^j^-rs^s^-r7P-^^- 
[020] mm*<ow&m?tmm-t%rz.ib<Dy 
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[02 6] ^*6Bgl6k:J:*«)tt*?©a88D!rS*0»JO 
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